In an earlier paper (7) the development of isolated heart-shaped and older embryos of Capsella4 (> 80 ,u long) when grown in a sterile nutrient medium containing mineral salts, vitamins and 2 % sucrose was described. It was also shown that supplementing the basal medium with a mixture of growth substances like indoleacetic acid (IAA), kinetin and adenine sulfate permitted development of still smaller globular embryos (40-80 ,u walking-stick-shaped (701-1000); inverted-U-shaped (1001-1700) and mature embryos (> 1700). For details see Raghavan and Torrey (7) and Rijven (10). taining 25 ml of the semi-solid medium. Cultures were kept in a culture room at 25 + 10 and given 12 hours illumination daily by a combination of cool white fluorescent tubes and incandescent bulbs giving about 50 ft-c light on the surface of the cultures (light-grown cultures) ; parallel sets of cultures were kept in an incubator which was completely dark except for brief periods of opening for examination (dark-grown cultures). Transfers to fresh media were made at intervals of 4 to 5 weeks.
In an earlier paper (7) the development of isolated heart-shaped and older embryos of Capsella4 (> 80 ,u long) when grown in a sterile nutrient medium containing mineral salts, vitamins and 2 % sucrose was described. It was also shown that supplementing the basal medium with a mixture of growth substances like indoleacetic acid (IAA), kinetin and adenine sulfate permitted development of still smaller globular embryos (40-80 ,u long) in vitro. From this evidence it seemed reasonable to assume that growth substances play a role in the development of embryos through various stages in their ontogeny. The present study describes the effects of externally applied IAA and other auxins, gibberellic acid (GA), kinetin and adenine sulfate on the growth and morphogenesis of heart-shaped and older embryos of Capsella cultured in vitro. The effects of the conditions of illumination on development are also briefly considered. The results show that embryos of different developmental stages and their respective organs show different responses to exogenous supplies of plant growth substances.
-Materials and Methods
Embryos of C. bursa-pastoris Medic. were obtained from plants grown in the greenhouse in a mixture of equal parts of sand, perlite and leaf mold under a supplementary incandescent illumination of about 200 ft-c light during the day time. The composition of the basic culture medium and the methods of culture have been described previously (7) . The growth substances tested in the experiments were added to the basal medium and autoclaved at 15 lb/in2 for 15 minutes. Six to 8 embryos of the desired stage were routinely grown in standard 10-cm petri dishes con- ' Received Jan. 27, 1964. 2 This work was supported by a grant (G-18684) from the National Science Foundation. 3 Present address: Department of Botany, University of Malaya, Kuala Lumpur, Malaysia. 4 The different stages in the embryogenesis of Capsella, in terms of increasingly older embryos (with their range in length in microns given in parenthesis) are: early globular (20-60); late globular (61-80); early heartshaped (81-150); late heart-shaped (151-250) * intermediate stage (251-450); torpedo-shaped walking-stick-shaped (701-1000); inverted-U-shaped (1001-1700) and mature embryos (> 1700). For details see Raghavan and Torrey (7) and Rijven (10) . taining 25 ml of the semi-solid medium. Cultures were kept in a culture room at 25 + 10 and given 12 hours illumination daily by a combination of cool white fluorescent tubes and incandescent bulbs giving about 50 ft-c light on the surface of the cultures (light-grown cultures) ; parallel sets of cultures were kept in an incubator which was completely dark except for brief periods of opening for examination (dark-grown cultures). Transfers to fresh media were made at intervals of 4 to 5 weeks.
The morphogenetic changes occurring in the embryos were noted by periodic examination of the cultures. Growth measurements were made at the 2nd and 4th weeks from the start of the experiment, using a dissecting microscope equipped with an ocular micrometer. To get a clear picture of the effects of growth substances on the growth of the different organs in the embryos, the lengths of the cotyledons, hypocotyl and root were measured separately and their growth expressed in relative terms as the ratio final length/initial length. The root was operationally defined as the meristematic region at the proximal end and the primary root which subsequently developed from it, the cotyledons as the leafy structures at the apical notch of the embryos, and the hypocotyl as the region between the root and the cotyledons. The (18) showed that low conthe hypocotyl and shoot in the dark. Higher concencentrations of IAA have a slight, but significant protrations of auxin inhibited growth of the primary motive effect on the growth of torpedo-shaped emroot, hypocotyl and shoot. The cessation of hypobryos of Capsella. Our studies, besides confirming cotyl elongation was followed by thickening of the this observation, show that growth of embryos of all root end which finally became a brownish mass of In light-grown embryos, the responses to IAA were similar to those in (lark-grown embryos except for two clear differences. At low auxin concentrations, elongation of the hypocotyl and cotyledons was enhance(l. This effect was also apparent in somewhat older embryos; in light-grown walking-stick-shaped and older embryos (> 1000 ,u long) the hypocotyl elongated dramatically in the presence of 0.0001 to 0.001 mng/liter IAA, carrying the cotyledons well above the surface of the nediumn and stimulating germination (fig la, b ) figure 9 . In dark-grown embryos, the most striking effect of GA was a stimulation of growth of the primary root at low concentrations (0.1 and 1.0 mg/ liter; fig 4a, b) . Elongation of the root which normally occurred after 2 to 3 weeks of culture was observed in 4 or 5 days in the presence of GA. A second effect of GA was in the elongation of the hypocotyl which raised the seedlings a few millimeters above the level of the medium. In intermediate stage embryos, elongation of the cotyledons was stimulated at low concentrations of GA for the first few weeks and thereafter the cotyledons were arrested in their development. These morphogenetic responses were also observed in embryos of other developmental stages cultured at optimum concentrations of GA.
Like IAA, low concentrations of GA reversed the light inhibition in growth of the primary root system in heart-shaped through walking-stick shaped embryos and restored the growth of the root nearly to the dark rate (fig 4c, d) . GA also enhanced the growth of the hypocotyl in light, but growth of this organ lagged behind its dark-grown counterpart. Although there was slight expansion and greening of the cotyledonary leaves at the apex, GA clearly suppressed growth of embryonic leaves in light-grown embryos. The only exception to this were light-grown walking-stickshaped and older embryos grown in media containing 100.0 mg/liter GA. Here the cotyledons rapidly expanded and became green, followed by the production of 2 to Effects of Kinetin and Adenine. The primary effect of kinetin on embryos grown in vitro was suppression of root growth (17, 18) , but the degree of response depended upon the age of the embryos. Elongation of the primary root in dark-grown heartshaped embryos was completely suppressed at kinetin concentrations of 0.0001 to 1.0 mg/liter; in intermediate stage embryos small root meristems 500 to 800 p long were formed in the lowest concentration of kinetin tried (0.0001 mg/liter) while higher concentrations inhibited their growth. Figure 10 shows the predominantly inhibitory effects of kinetin on growth of root, hypocotyl and cotyledons of dark-and light-grown embryos of intermediate stage. Torpedoshaped and older embryos grown in kinetin (0.0001-0.01 mg/liter) escaped inhibition and had long primary roots which appeared normal. Kinetin (0.1 and 1.0 mg/liter) also promoted initiation and growth of embryonic leaves in the dark-grown embryos. Leaf initiation was not, however, accompanied by internodal elongation so that short and stunted plantlets resulted. Further, the plantlets formed in media containing high concentrations of kinetin were characterized by extreme (fig 6c, 5c ).
These responses are not apparent in the elongation measurements given in figure 10 .
Like kinetin, adenine (adenine sulfate) inhibited growth in length and formation of the primary root system in both light-and dark-grown embryos at all concentrations tested (0.1-40.0 mg/liter). In embryos > 700 FL long a secondary effect of adenine sulfate at concentrations above 10.0 nigliter was the initiation and growth of several secondary roots from the stump of the suppressed primary root. In the presence of adenine sulfate, the first few pairs of leaves in light-grown embryos were characteristically deep green, nearly sessile, flat and oval with an obtuse apex (fig 7) . In(dark-grown embryos, there was no appreciable expansion of the leaves although several leaf prinmordia overlapping one another were visible at the terminal bud. Adenine sulfate was ineffective in inducing growth of the leaves in torpedo-shaped and younger embryos. The leaves appeared without any accompanying internodal elongation resulting in short and stunted plantlets.
Discussion
The effect of a combination of IAA, kinetin and adenine sulfate in initiating growth and differentiation in isolated globular embryos of Capsella in vitro was shown earlier (7) . The present report shows that organ initiation and development in heart-shaped and older embryos can be controlled by supplementing the medium with substances like auxins, gibberellin, kinetin or adenine. growth of the root system in embryos grown in vitro has been described by several authors ( 1, 2, 5, 8, 11 ). The results also show a general promotion in growth of the hypocotyl and shoot system by low concentrations of IAA. Of interest is the fact that auxin is more effective in light-than in dark-grown embryos. If the growth of the shoot is assumed to require a lower range of auxin in the medium than initiation and growth of the primary root, a lightactivated destruction of auxin -will also explain the better growth of the shoot system in light-grown embryos, while, conceivably in dark-grown embryos this growth may be inhibited by supraoptimal concentrations of auxin.
More effective than auxin in promoting growth of the root system in embryos in vitro was GA, a substance known for its pronounced effects on stem and leaf expansion in many species of vascular plants (13) . Most workers seem to agree that GA exerts a detrimental effect on the growth of roots, although some reports have pointed to the contrary (2, 19 
Summary
The effects of certain growtlh substances on the growth and morphogenesis of heart-shaped and olcler embryos of Capsella buirsa-pastoris Medic. in v-itro were stu(die(l. In ( 
